Th e ethnobotanical literature lacks joint analyses of the factors that may infl uence the diff erential use of medicinal plants. Th is study intends to fi ll that void by evaluating the local criteria for the diff erential use of medicinal plants in a rural community in Northeastern Brazil. We chose two health problems (infl uenza and constipation) characterized as diseases by local (emic) classifi cation to address the following hypotheses: (1) the most important medicinal plants are easier to acquire; (2) the most important medicinal plants are perceived as being more effi cient; and (3) the most important medicinal plants taste better (greater palatability). Th e plants mentioned in interviews were ranked according to the perception of their use (dependent variable), the diffi culty of their acquisition, their taste and their effi ciency (independent variables). Th e perceived effi ciency explained the use of medicinal plants for both diseases, while taste explained the use only for constipation. Th e fi nal models for 'infl uenza' contained only effi ciency, while those for 'constipation' contained all three variables. Th ese fi ndings indicate that medicinal categories many not be homogeneous and that diff erent targets may be infl uenced by diff erent variables.
Introduction
In recent years, there has been an increasing trend in the use of ecological and evolutionary approaches in modern ethnobiology, especially in ethnobotany (see Albuquerque et al. 2015) , and factors infl uencing human foraging behavior are among the main interests of scientists studying evolutionary ethnobiology. Recent studies have addressed local criteria involved in medicinal plant selection (Ankli et al. 1999; Omar et al. 2000; Gonçalves et al. 2016) , which is a process that includes two phenomena, namely the introduction (entrance) of a particular species into a local medical system and the diff erential use of that species (Medeiros et al. 2015a) .
Research conducted in relation to the fi rst phenomenon is designed to determine the factors involved in a species being considered medicinal, and research into the second phenomenon is focused on the factors responsible for diff erent degrees of popularity or prioritization of medicinal plant species (e.g., more frequently used species versus less frequently used species), the versatility of medicinal plant species (species used for several therapeutic indications versus species used for only a few indications), or diff erent therapeutic indications attributed to medicinal plant species.
Factors that may influence the introduction of medicinal plants and their differential utilization in a local medical system have been discussed in the literature as follows: plant availability (Lucena et al. 2007; 2012) , chemical/therapeutic efficiency (Slish et al. 1999; Khafagi & Dewedar 2000; Araújo et al. 2008) , cultural perspectives (Rodrigues & Carlini 2006; Mollik et al. 2010) , and organoleptic properties (taste and smell) (Ankli et al. 1999; Leonti et al. 2002; Molares & Ladio 2009; Medeiros et al. 2015b) .
However, some gaps are still found in the literature, given that (1) such factors are often isolated in the analyses, so that we cannot observe their joint effects, and (2) they are commonly measured through conventional ecological and pharmacological indicators (e.g., vegetation parameters and chemical measurements) so that perceived indicators (e.g., perceived efficiency and availability) are often neglected.
Therefore, this study intends to fill one such gap by evaluating the local criteria for the differential use of medicinal plants in terms of prioritization. We chose two health problems locally considered to be diseases (influenza and constipation) to propose the following hypotheses:
(1) the most important medicinal plants are easier to acquire, (2) the most important medicinal plants are perceived as more efficient, and (3) the most important medicinal plants taste better . We also developed models to identify the variables with stronger predictive power for the differential use of medicinal plants employed to treat influenza and constipation.
The health problems mentioned above are considered to be diseases according to an emic categorization. They were chosen because in the studied context they both require the plants' ingestion (allowing the evaluation of the role of plant's taste), and they are often associated with several cited species in ethnobotanical surveys (a high number of species is important for the consistency of the statistical analysis). However, we could also have chosen other diseases that would meet our requirements. We chose diseases that belonged to two different body systems (digestive and respiratory) because we wanted to observe whether diseases with different natures followed the same logic for the differential use of plants. They are also the body systems with more plant citations in several ethnobotanical studies developed in Brazil ).
Materials and methods

Study area
This study was carried out in the rural community of Canabrava, in the municipality of Barreiras, Bahia State, Northeastern Brazil. Canabrava is in the Brazilian cerrado, and it has seasonally dry tropical forests, savannas and riparian vegetation. The community is 13 km away from the municipality's urban area, and it was founded before 1885. It is composed of 59 inhabitants in 25 households. The main economic activity is small-scale agriculture, and agricultural crops are often sold in the Barreiras central market.
There are no health centers in the community, so the local dwellers have to go to the Barreiras urban area for medical consultations. The only basic school is no longer operative, and the local students usually frequent schools in the neighboring communities. Semi-structured interviews were conducted in the first semester of 2015 with 35 local dwellers who were 18 years of age or older. Socioeconomic data were recorded, and the interviewees were asked to mention plants known to treat two targets (influenza and constipation). We only considered direct citations for the selected targets (e.g., we gave 'influenza' as a stimulus rather than cough, sneeze, etc.).
Data collection
For each target, when the interviewee finished the list, he or she was invited to rank the cited species according to: (a) the frequency of use (from the most commonly used to the least commonly used for the target), (b) the perceived difficulty of acquisition (from the most difficult to obtain to the least difficult to obtain, as perceived by the interviewee), (c) the perceived taste (from the plants with more pleasant taste or higher palatability to the plants with less pleasant taste or lower palatability) and (d) the perceived efficiency (from the plant perceived as the most efficient to treat the target to the least efficient).
Rank attribution for 'the difficulty of acquisition' was performed regardless of the means of acquisition (collection, trade, etc.). As such an attribution considered the local perception, a traded species A could be considered more difficult to acquire than a collected species B, when people believed that the price of plant A overcame the energy spent in the collection of plant B.
The plant species mentioned by the interviewee were collected, identified and deposited in the herbarium of the Universidade Federal da Bahia (BRBA). Some species did not have specimens deposited in the herbarium, since they did not have reproductive parts when the collections were performed, or the interviewee did not provide us with material to be deposited in the herbarium. However, these were well-known species, and most of them were exotic plants with worldwide distributions. Therefore, our team could perform such identifications in the field.
Data analysis
For all variables (relative frequency of use, perceived availability, taste and perceived efficiency), we calculated average ranks for the cited species as follows:
where AR i is the average rank of species i, IR i is the individual rank of species i (from 1 to the total number of plants cited by the interviewee for a given target) and N i is the total number of people who cited species i.
We excluded from the calculation the species that were mentioned by only one interviewee to avoid the effect of idiosyncratic information.
To test the first hypothesis (the most important medicinal plants are easier to acquire), we performed a simple regression considering the mean rank for 'use' as the dependent variable (our measure of plant importance) and the mean rank for 'perceived difficulty of acquisition' as the independent variable.
The second hypothesis (the most important medicinal plants are perceived as more efficient) was tested by performing another simple regression with the mean rank for 'use' as the dependent variable and the mean rank for 'perceived efficiency' as the independent variable.
For the third hypothesis (the most important medicinal plants have better tastes), we also used a simple regression considering the mean rank for 'use' as the dependent variable and the mean rank for 'perceived taste' as the independent variable.
After the independent variables were individually tested, we performed a multiple regression with a stepwise approach to identify the variables that would remain in the final model (those that explained the medicinal plant use). This approach is necessary because sometimes two factors individually explain a dependent variable, but when there is a high degree of autocorrelation, only one of them is the true explanatory variable. Therefore, the final model of the multiple regression with the stepwise approach accounts for such situations.
For all analyses of the target 'constipation', the dependent variable (mean rank for 'use') was transformed (fourth root transformation) to achieve a normal distribution. The fourth root transformation was chosen because it led to a better adjustment to a normal distribution and better statistical adjustment than other types of transformation (e.g., square root and logarithmical).
Analyses were performed with R version 2.13.2 (The R Foundation for Statistical Computing).
Results
Medicinal plants cited to treat influenza and constipation
A total of 13 species were mentioned as being known to treat influenza by more than one interviewee (Tab. 1). The most cited species were Mentha spicata (57.1 % of the interviewees), Ocimum gratissium (48.6 %) and Mentha pulegium (42.9 %).
For constipation, the total number of species cited was also 13 (Tab. 1). The most commonly cited species were Amburana cearensis (42.9 %), Plectranthus amboinicus (20 %) and Lippia alba (17.1 %).
The most important medicinal plants are not those that are the easiest to acquire
The results refuted our first hypothesis. For both influenza (R²=0.03; p>0.05) and constipation (R²=0.13; p>0.05), we found a non-significant negative influence of the mean rank of perceived difficulty of acquisition on the mean rank of use (Tab. 1).
The most important medicinal plants are those that are perceived as being more efficient
Our second hypothesis was confirmed, because for both influenza (R²=0.40; p<0.05) and constipation (R²=0.31; p<0.05), we found a significant positive influence of the mean rank of perceived efficiency on the mean rank of use.
The most important medicinal plants are not always those that are more palatable
Our third hypothesis was partially confirmed. For the target influenza, we found no influence of the mean rank for perceived taste on the mean rank of use (R²=0.07; p>0.05). However, for the target constipation, we found a strong influence of this variable (R²=0.63; p<0.01).
The final models
Multiple regression for the target influenza left only the perceived efficiency as the explanatory variable. However, for the target constipation, all three variables remained in the model. However, only the perceived taste had a p-value less than 0.05 (Tab. 2).
Discussion
The lack of any influence of availability on medicinal plant use is common in ethnobotanical studies that address the apparency hypothesis. In fact, medicinal is * Difficult of acquisition refers to how hard it is to acquire a given species. For example, if the species is native and scarce in the field, or if it is exotic and difficult to buy or gather, people would indicate it has a high difficult of acquisition. **Not collected (identified in the field) one of the use-categories with weaker relationships between availability and use according to a meta-analysis of the apparency hypothesis (Gonçalves et al. 2016) . However, despite the commonly found lack of a direct relationship between difficulty of acquisition (the opposite of availability) and use, we also believe that the profile of the cited species may have contributed to the result. Most species are exotic and acquired via trade or cultivation. Such characteristics lead to a similarity in their difficulty of acquisition (most of them are easily acquired). Therefore, when that items behave similarly are ranked, correlations may not be observed.
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The maintenance of this variable in the model for the target 'constipation' also indicates that, although it does not directly influence medicinal plant prioritization, it has some degree of influence when analyzed together with other variables, such as taste and efficiency. For example, for plants with similar tastes or efficiencies, the most used may be the one that is most easily acquired. Therefore, the analysis of more targets (diseases) in future studies would help elicit the role of the 'difficulty of acquisition' in the differential use of medicinal plants.
Although there is a lack of studies assessing the perceived efficiency of medicinal plants, some investigations that investigated the association the concentration of compounds or the biological activity with the medicinal plants' importance also found strong correlations (Omar et al. 2000; Araújo et al. 2008) . It is well accepted in ethnobiology (Berkes 1993) . However, despite this acceptance, there is a lack of studies that have tried to scientifically assess that relationship, and there are problems with the methods of measuring a plant's efficiency. For example, the lack of a relationship between the concentration of a given compound (e.g., tannins) and the medicinal plants' importance does not necessarily mean that chemical efficiency is not playing a role. It is possible that other compounds that are not being measured are the bioactive agents in a given therapeutic target.
Studies have found that taste plays a significant role in medicinal plant selection. However, it seems that such a role is more related to a plant's entrance into local pharmacopoeias, initially determining whether it is employed as medicinal or not (Ankli et al. 1999; Leonti et al. 2002) , and to the therapeutic targets for which the plant is used (Medeiros et al. 2015b; Gilca & Barbulescu 2015) . Our study showed that taste can also play a role in medicinal plant's importance, but that such a role may not be generalized, since it changes according to the therapeutic target being analyzed.
This result indicates that the medicinal category may not be homogeneous and that different targets may be influenced by different variables. In our case, it is possible that the importance of medicinal plants for influenza is not driven by taste because this target is more often associated with mixtures than is constipation. Although this information was not collected in our study, other investigations have shown that most mixtures are used to treat respiratory disorders (Cano & Volpato 2004; Vandebroek et al. 2010) . When a mixture is created, the taste of some less palatable plants may be camouflaged, and their undesirable characteristics may not influence selection. The differences in the variables that remained in the final models for influenza and constipation also strengthens the thesis that people may employ different criteria for choosing medicinal plants according to the therapeutic target being considered.
Our models for influenza and constipation had intermediate explanatory power (Tab. 2). None of them reached an R² higher than 80%, possibly be due to (1) some degree of imprecision in our techniques for gathering information on perceived taste, availability, efficiency and ranking for use, since we dealt with people's memories, which can be imprecise, and (2) the influence of variables not measured by our study, such as cultural factors (e.g., local taboos). Therefore, future studies would gain explanatory power by including in the study design methods of capturing and considering cultural variables. For example, the inclusion of the frequency of a taboo positively or negatively affecting the medicinal use of a given species.
Conclusions
The joint evaluation of possible drivers of the differential use of medicinal plants showed that such a process is often multifactorial. Since we found differences in the drivers of differential use according to the therapeutic targets, we suggest that future ethnobotanical studies on medicinal plants that are looking for patterns and behaviors pay more attention to differences according to individual targets. Treating medicinal plants as a homogeneous entity may hide important particularities that may depend on the characteristic of each disease and the way people relate to such diseases.
Other factors that were not considered in our study design (e.g., cultural taboos) may also play a significant role, and we suggest future studies to include cultural variables when analyzing the differential use of medicinal plants. We also believe that other biological and ecological variables could be added to future investigations to improve the explanatory power of the models. The smell of different plants, for example, could help explain their differential use.
Finally, we recommend that future studies consider calibrating the methods for data collection and analysis. Our study chose to perform a ranking of medicinal plants according to the criteria being analyzed. However, other methods (e.g., grades instead of rankings) should be tested to observe similarities and differences in the models, as well as statistical adjustments.
